Psychological testing in older individuals of operative and postoperative complications from collateral circulation6' 10 make early total correction desirable.
T OTAL intracardiac repair of tetralogy of Fallot has been associated with increasingly satisfactory clinical and hemodynamic results'1-3 and significantly decreased morbidity and mortality. 8 During recent years earlier total intracardiac repair for symptomatic children has been recommended ' 5.12 and survival and complication rates have improved.
The progressive nature of the right ventricular outflow tract obstruction and the frequent poor general health of the older child and adult with severe tetralogy of Fallot have led us to pursue a policy of early correction when an infant with this condition becomes symptomatic (hypoxic spells and/or cyanosis). In addition, the higher incidence in older individuals of operative and postoperative complications from collateral circulation6' 10 make early total correction desirable.
Major considerations in evaluating the success of total intracardiac repair include postoperative right ventricular performance following infundibulectomy and outflow tract reconstruction;6' 79 pulmonary regurgitation and its effect on cardiac performance;6' 7, 9left heart size and performance; '14 15 and the physical and intellectual development of the child.
This report concerns the postoperative hemodynamic evaluation of seventeen children who underwent primary total correction for tetralogy of Fallot in infancy.
Clinical Material Twenty-nine infants less than two years of age, selected for their favorable cardiac anatomy, underwent primary total correction for tetralogy of Fallot at the University of Oregon Medical School between 1964 and 1972. The criterion for selection was that the diameter of the pulmonary artery be at least one-third the diameter of the aorta. These infants were between six weeks and twenty months of age when the clinical diagnosis of tetralogy of Fallot was made, based on the presence of a pulmonary stenosis murmur, single second heart sound; heart size which was normal or small; normal or diminished pulmonary vascular markings; and electrocardiogram which demonstrated right ventricular hypertrophy. Cardiac catheterization was performed because of the onset of hypoxic spells, continuous or intermittent cyanosis or rising hematocrit. In the majority of these infants, symptoms were present either when first seen All the pre and postoperative cineangiograms that were available (11 preoperative and 16 postoperative) were reviewed and the diameters of the pulmonary artery and aorta were measured. The diameter ratio was then squared to obtain the area ratio of the pulmonary artery to aorta. The diameter measurement was made during systole at a level approximately 0.5 cm above the annulus which passed through the sinuses to the wall of the artery. (Duplicate measurements were also made at a level 1-2 cm above the valve and these measurements were almost identical to the measurements made at the level 0.5 cm above the annulus and passing through the sinuses.) Because the level 0.5 cm above the annulus was easy to identify consistently in all cineangiograms and because it was felt that this level would be relatively uninfluenced by magnification and course of the great artery, all pulmonary artery and aorta diameter and area measurements refer to this level. In the preoperative cineangiograms, the diameter measurements were made in the AP or RAO projection from the right ventricular injection, with both pulmonary artery and aorta opacified in the same frame. In the postoperative cineangiograms the measurements were again made in the AP or RAO -views, measuring the pulmonary artery from the right ventricular injection, and the aorta from the levogram phase.
Results
The age and weight distribution of the 29 infants undergoing primary total correction of tetralogy of Fallot are illustrated in figure 1. The average age was 13.5 months; the average weight 9.2 kg. The two patients who succumbed were 6 and 8 months, and 6 and 6.5 kg respectively. The Systemic arterial oxygen saturation averaged ninety-five percent. Three patients had arterial oxygen saturation of 93%, two had arterial oxygen saturation of 92% and one patient had arterial oxygen saturation of 90% (attributed to alveolar hypoventilation during sedation).
Pulmonary Regurgitation
Pulmonary regurgitation (table 3) was thought to be present if pulmonary artery diastolic pressure was within 0 to 2 mm of that in the right ventricle. Five patients had near equalization of diastolic pressure without a murmur of pulmonary incompetence; however, no patient had a pulmonary Figure 2 illustrates the ratios of the diameter and the area of the pulmonary artery (PA) to the aorta (Ao) pre and postoperatively for the eight patients for whom pre and postoperative cineangiograms were available and in whom the patch, when used, did not extend through the annulus. For these eight patients pulmonary artery/aorta diameter ratio averaged 0.50 preoperatively, and had increased to an average of 0.84 postoperatively. Comparison of preoperative and postoperative ratios of the diameter (left) and area (right) of the pulmonary artery to the aorta.
Since the cross sectional area is related to the square of the diameter, a pulmonary artery which is half the diameter of the aorta has only one quarter the cross sectional area. Hence, in figure 2 it is apparent that pre-operatively the cross sectional area of the pulmonary artery was only one quarter that of the aorta and that postoperatively it had increased to almost three-quarters.
Using all available pre and postoperative cineangiograms, there was no significant difference in the pre and postoperative PA/Ao ratios between those patients with and without outflow tract patches as listed in table 4. Increases had occurred in both groups postoperatively similar to those illustrated in figure 2.
Intelligence and Growth
The mean IQ was 100.93 and standard deviation ± 16.28, almost identical to the mean and sigma of Age at Surgery Figure 3 Comparison of right heart pressure measurements following total correction for tetralogy of Fallot in older childhood (A,B) and infancy (C). For the children in the current study (C), right ventricular systolic pressure averaged 39 mm Hg, right ventricular-pulmonary artery peak systolic gradient averaged 18 mm Hg, right ventricular end diastolic pressure averaged 5 mm Hg and right atrial mean pressure averaged 3 mm Hg. It is apparent that there is no significant difference in these parameters for the three groups of patients.
Circulation, Volume XLVIII, August 1973 pressure measurements for the children in the current study (C), undergoing primary total correction between ages 2.5 to 23 months with those children undergoing total correction at an older age (Bristow et al.3 [A] and Burnell et al.5 [B] ) in our institution. With respect to overall relief of RV outflow obstruction, RVEDP and right atrial mean pressure, the results were approximately equal for all three groups of patients.
Right atrial mean pressures for the group as a whole were low and though there was mild elevation of right ventricular end-diastolic pressure for those with pulmonary regurgitation this was not associated with elevated mean right atrial pressure.
With the exception of one patient, whose residual outflow constriction was severe, right ventricular abnormalities evaluated cineangiographically were mild. Right heart pressure measurements and cineangiographic performance thus compare favorably with other reported postoperative. hemodynamic studies following total correction in later childhood.6' 9, 11, 14 Furthermore, our experience also confirms the importance of adequate relief of pulmonary stenosis reported by others9' 11 and the good hemodynamic result obtainable when outflow tract reconstruction is necessary.
Pulmonary regurgitation was present in 6 of the 9 patients without a patch and in 6 of the 8 patients with an outflow patch. In three children it was due to the extension of the outflow patch through the annulus, in three it was related to valvulotomy and in the remaining six it was related to infundibulectomy only. Symptomatically, hemodynamically, and by cardiothoracic ratio measurements, pulmonary regurgitation was well tolerated in all patients.
Bristow and coworkers3 performed serial cardiac catheterizations an average of 13 months postoperatively and again an average of 7 years postoperatively in a group of individuals who underwent total correction of tetralogy of Fallot in later childhood. They found no change in right ventricular systolic pressure and RV to PA gradient, little change in pulmonary regurgitation, and an overall fall in right atrial mean pressure between the two studies. These findings are encouraging and lead us to anticipate that the children reported in our study will continue to have satisfactory-to-excellent right heart hemodynamics. Left Intelligence may be difficult to assess accurately in small children with congenital heart disease. A recent report by Linde, Rasof and Dunnl8 emphasizes that in developmental and intelligence tests, cyanotic children score lower than acyanotic children with congenital heart disease and children without congenital heart disease, and that this performance deficit persists throughout all age periods.
For the 17 patients in the current study, cyanosis when present was generally mild since total correction was commonly performed as the treatment for hypoxic "spells" or cyanosis. Right heart measurements indicated an average RV pressure of 39 mm Hg with an average RV to PA peak systolic gradient of 19 mm Hg.
Pulmonary regurgitation was present in 6 of 8 with an outflow tract patch and in 6 of 9 with no outflow tract patch. In no case did pulmonary regurgitation produce symptomatic or important hemodynamic consequences.
In 8 patients without pulmonary annulus patching and in whom pre and postoperative angiograms were available for review, there was a change in the ratio of the area of the pulmonary artery to the area Circulation, Volume XLVIII, August 1973 of the aorta from .26 preoperatively to .71 postoperatively.
Ejection fraction and systemic arterial pressure were normal suggesting normal left ventricular performance.
Physical growth and intellectual and social development were indistinguishable from a randomly selected group of "normarl children.
